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1.
Fuzzy , Zadeh [13] ,
, ,
. , fuzzy , .




$F$ $C$ fuzzy . ,
$x\in C$ , $F(x_{0})\preceq F(x)$ $x0\in C$ .
, $\preceq$ fuzzy ( ) .
Dubois-Prade [5] , $\mathrm{R}\mathrm{a}\mathrm{m}\mathrm{l}\mathrm{k}-\dot{\mathrm{R}}\acute{1}\mathrm{m}\acute{\mathrm{a}}\mathrm{n}\mathrm{e}\mathrm{k}[9]$, Campos-Verdegay [3], Ramlk-Rommelfanger
$[10, 11]$ , ( 5 )
. , Nanda-Kar [7] , fuzzy ,
.
, fuzzy $F$ , $F$ , [1]
. , $F$
, . , compact
$F$ . .
2.
, real , $\mathrm{R}$ . $C,$ $D$
, $C+D=\{c+d:c\in C, d\in D\}$ , $\lambda\in \mathrm{R}$
, $\lambda C=\{\lambda c:c\in C\}$ . $\mathrm{c}1C$ $C$ .
$X$ . , $X$ fuzzy , $X$ $[0, 1]$
.
$A$ $\mathrm{R}$ fuzzy . , $r\in[0,1]$ , $A$ $r$-level $A_{r}$
, :
$\{$
$A_{r}=\{x\in \mathrm{R}:A(x)\geq r\}$ , $\forall r\in(0,1]$ ,
$A_{0}=\mathrm{c}1\{x\in \mathrm{R}$ : $A(x)>0\}$ , $r=0$.
, $A$ , $r\in(0,1]$ , $A_{r}$ .
1253 2002 60-66
60
$A,$ $B$ $\mathrm{R}$ fuzzy , $\lambda C\mathrm{R}$ . , 2 $A\oplus B$ $\lambda A$
$\ovalbox{\tt\small REJECT}$
$(A \oplus B)(z)=\sup_{z=x+y,x,y\in \mathrm{R}}\min(A(x),$ $B(y))(\forall z\in \mathrm{R})$ ,
$( \lambda A)(z)=\sup_{z=xy,x,y\in \mathrm{R}}\min(1\{\lambda\}(x),$ $A(y))(\forall z\in \mathrm{R})$ .
, $r\in[0,1]$ , $[A\oplus B]_{r}$ $[\lambda A]_{r}$ $A\oplus B$ $\lambda A$ $r$-level
. $A\oplus B$ ([8]):
1. $A$ $B$ , $A\oplus B$ .
$A$ $\mathrm{R}$ fuzzy . , $A$ fuzzy ,
([4, 6]):
(1) $A$ ;
(2) $A(m)=1$ $m\in \mathrm{R}$ 1 ;
(3) $A_{0}$ $\mathrm{R}$ .
, $F$ fuzzy . , $\lambda\in \mathrm{R}$
, $1\{\lambda\}\in \mathcal{F}$ . , $1_{E}$ ($E$ . ,
:
$|2$ . $A|\in \mathcal{F}$ , $A_{0}$ $\mathrm{R}$ compact , $A,$ $B\in F$ ,
$A\oplus B\in \mathcal{F}.$
. , $A\in F$ $\lambda\in \mathrm{R}$ , $[\lambda A]_{r}=\lambda A_{r}(\forall r\in[0,1])$
, $\lambda A\in F$ .
$A,$ $B\in F$ . , $A$ $B$ $\preceq$ ([9]):
$A\preceq B\Leftrightarrow$ $r\in[0,1]$ . , $\sup A_{r}\leq\sup B_{r}$ $\inf A_{r}\leq\inf B_{r}$ .
$A\in F$ , $\lambda\in \mathrm{R}$ . , $A\preceq 1_{\{\lambda\}}$ $A\oplus 1_{\{\lambda\}}$
$A\preceq\lambda$ $A\oplus\lambda$ .
$C$ , $f$ $C$ . , $f$ ,
$x,$ $y\in C$ $\lambda\in(0,1)$ ,
$f(\lambda x+(1-\lambda)y)\leq\lambda f(x)+(1-\lambda)f(y)$
. , $f$ $f$ . $f$
quasi-concave , $c\in \mathrm{R}$ , $\{x\in C:f(x)\geq c\}$ $C$
. $C,$ $I$ , $\varphi$ $C\cross I$ . , $\varphi$
2 concavelike , $y_{1},$ $y_{2}\in I$ $\lambda\in(0,1)$ , $y_{0}\in I$
, $x\in C$ ,




$X$ . , $X$ $F$ , $X$ , fuzzy
$X$ fuzzy . $C$ , $F$ $C$




, fuzzy. , [1]
. , , [1] .
, .
31([1]). $A\in \mathcal{F}$ ,
$\lim_{rarrow+0}\sup A_{r}=\sup A_{0},\lim_{rarrow+0}\inf A_{r}=\inf A_{0}$ .
32([1]). $A\in \mathcal{F}$ $r\in(0,1]$ , ,
$\lim_{\deltaarrow r-0}A_{\delta}=\inf_{\delta<r}\sup A\delta=\sup A_{r},\lim_{\deltaarrow r-0}A_{\delta}=\sup\inf A_{\delta}=\inf A_{r}$.
$\delta<r$
3.1 32 , .
33([1]). $A,$ $B\in F$ $r\in[0,1]$ & ,
$\sup[A\oplus B]_{r}=\sup A_{r}+\sup B_{r},$ $\inf[A\oplus B]_{r}=\inf A_{r}+\inf B_{r}$ .
$F$ $X$ fuzzy . , $r\in[0,1]$ , $f_{r}^{F}$
$g_{r}^{F}$ , $X$ : $x\in X$ ,
$f_{r}^{F}(x)= \sup[F(x)]_{r},$ $g_{r}^{F}(x)= \inf[F(x)]_{r}$ .
, $[F(x)]_{r}$ $F(x)\in \mathcal{F}$ $r$-level .
[1] , $\llcorner$ , , fuzzy
.
31([1]). $C$ , $F$ $C$ fuzzy . ,
$F$ \Rightarrow $r\in[0,1]$ , $f_{r}^{F}$ .
32([1]) $\cdot$ $C$ , $F$ $C$ fuzzy . ,
$F$ \Rightarrow $r\in[0,1]$ & , $g_{r}^{F}$ .
33([1]). $C$ , $F$ $C$ fuzzy . ,
$r\in[0,1]$ & , $f_{r}^{F}$ $g_{r}^{F}$ $\Rightarrow F$ .
, $A:\mathrm{R}arrow[0,1]$ , ,
fuzzy , $r\in[0,1]$ , $A$ $r$-level $A_{r}$ $\mathrm{R}$
, .
, fuzzy $F$ ,
:
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$F$ \Leftrightarrow $r\in[0,1]$ , $f_{r}^{F}$ $g_{r}^{F}$ .
4. L-R FUZZY FUZZY
, $\mathrm{R}\mathrm{a}\mathrm{m}\mathrm{l}\mathrm{k}-\dot{\mathrm{R}}$ \’im\’anek [9] L-R fuzzy fuzzy
. , fuzzy ,
, .
$S$ $\mathrm{R}$ $(-\infty, 1]$ . , $S$ ,
:
(1) $S$ quasi-concave ;
(2) $S(x)=1\Leftrightarrow x=0$ ;
(3) $\{x\in \mathrm{R}:S(x)>0\}$ $\mathrm{R}$ ;
(4) $x\in \mathrm{R}$ , $S(x)=S(-x)$ .
$S,$ $T$ , $m\in \mathrm{R},$ $\alpha,$ $\beta\geq 0$ . , $L-R$ fuzzy $\mu$ ,
fuzzy :
$\mu(x)=\{$
$\max(S(\frac{x-m}{\alpha}),$ $0)$ , $\forall x\leq m$ ,
$\mathrm{m}\prec T(\frac{x-m}{\beta}),$ $0)$ , $\forall x\geq m$ .
, $\mu$ $S$ $T$ . , L-R fuzzy $\mu$
$\mu=(m, \alpha, \beta)_{L_{S}R_{T}}$
.
: , $\alpha=0$ $\beta>0$ ,
$\mu(x)=\{$
0, $\forall x<m$ ,
$\max(T(\frac{x-m}{\beta}),$ $0)$ , $\forall x\geq m$ .
. , $\alpha=\beta=0$ , $x\in \mathrm{R}$ , $\mu(x)=1\{m\}(x)$ .
33 , $\prod\overline{\iota \mathrm{l}}$ L-R fuzzy fuzzy
, .
4.1 ([1]). $C$ , $m$ $C$ , $\alpha,$ $\beta$ : $Carrow[0, \infty)$
, $S,$ $T:\mathrm{R}arrow(-\infty, 1]$ . $F$ , $x\in C$ ,
$F(x)–(m(x),$ $\alpha(x),$ $\beta(x))_{L_{S}R_{T}}$
$C$ fuzzy . , $m$ $\beta$ , $\alpha$
, $F$ .
, $[6, 9]$ , $\Pi\overline{\iota \mathrm{J}}$ L-R fuzzy ,
level .
4.1([6, 9]). $m,$ $n\in \mathrm{R},$ $\alpha,$ $\beta,$ $\gamma,$ $\delta\geq 0$ $S,$ $T$ . ,L-R fuzzy
$A=(m, \alpha, \beta)_{L_{S}R_{T}}$ $B=(n, \gamma, \delta)_{L_{S}R_{T}}$ , .
$A \preceq B\Leftrightarrow\sup A_{1}\leq\sup B_{1},$ $\sup A_{0}\leq\sup B_{0},$ $\inf A_{0}\leq\inf B_{0}$ .
33 4.1 , [6] , . ,
, $f_{r}^{F},$ $g_{r}^{F}$ .
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42([6]). $C$ , $m$ $C$ , $\alpha,$ $\beta\ovalbox{\tt\small REJECT} Carrow[0, \mathrm{o}\mathrm{o})$
, $S,$ $T\ovalbox{\tt\small REJECT} \mathrm{R}arrow(-\mathrm{o}\mathrm{o}, 1]$ . $F$ , $xCC$ ,
$F(x)=(m(x),$ $\alpha(x),$ $\beta(x))_{L_{S}R_{T}}$
$C$ fuzzy . ,
$F$ $\Leftrightarrow f_{1}^{F},$ $f_{0}^{F},$ $g_{0}^{F}$ .
5. FuzzY
, fuzzy , . , fuzzy
fuzzy .
$X=\mathrm{R}^{n},$ $E=\mathrm{R}_{+}^{n}=[0, \infty)^{n}\subset X,$ $C_{1},$ $C_{2},$
$\ldots,$
$C_{n}\in F$ , $F$ $x=(x_{1}, x_{2}, \ldots, x_{n})\in$
$E$ ,
$F(x)=x_{1}C_{1}\oplus x_{2}C_{2}\oplus\cdots\oplus x_{n}C_{n}$
$E$ fuzzy . , $i=1,2,$ $\ldots,$ $m$ $j=$





$E0=\{x\in E$ : $G_{1}(x)\preceq b_{1},$ $G_{2}(x)\preceq b_{2},$ $\ldots,$ $G_{m}(x)\preceq b_{m}\}$ .
. , $b_{1},$ $b_{2},$ $\ldots,$ $b_{m}\in \mathrm{R}$ . , fuzzy :
$x\in E_{0}$ , $F(xo)\preceq F(x)$ $x0\in E_{0}$ .
, $F$ $G_{i}$ fuzzy . ,
form , ,
, . , ,
, fuzzy , ,
, ,
fuzzy .
, , L-R fuzzy ,
, ( , [3, 5, 9]
), (convex problems) ( )
, . , , [1]
. ,
. , fuzzy .
$C$ , $F$ $C$ fuzzy . ,
$x\in E_{0}$ , $F(x_{0})\preceq F(x)$ $x_{0}\in 2E_{0}$ .
64
, $C$ $P^{F}$
$P^{F}=\{f_{r}^{F},$ $g_{r}^{F}$ : $r\in[0,1]\}$
, , $\preceq$ , $P^{F}$ optima
$x_{0}\in C$ :
$h\in P^{F}$ $x\in E_{0}$ , $h(x\mathrm{o})\leq h(x)$ $x0\in E_{0}$
.
[1] , . , 3 $h$
. , fuzzy .
$F$ $X$ fuzzy . , $F$ ,
$r\in[0,1]$ & , $f_{r}^{F}$ $g_{r}^{F}$ .
L-R fuzzy , fuzzy , .
5.1([1]). $C$ , $m$ $C$ , $\alpha,$ $\beta$ : $Carrow[0, \infty)$
, $S,$ $T:\mathrm{R}arrow(-\infty, 1]$ . $F$ , $x\in C$ ,
$F(x)=(m(x),$ $\alpha(x),$ $\beta(x))_{L_{S}R_{T}}$
$C$ fuzzy . , $m$ $\beta$ , $\alpha$
, $F$ .
fuzzy .
52([1]). $C$ compact $\llcorner$ , $F$ $C$
fuzzy . , $\varphi$ , $(x, h)\in C\cross P^{F}$ , $\varphi(x, h)=h(x)-\min_{u\in C}h(u)$
. , $\varphi$ 2 concavelike ,
$x_{0}\in C$ , $x\in C$ , $F(x\mathrm{o})\preceq F(x)$ .
$F$ $X$ fuzzy . , $P_{0}^{F}$ $X$
$\{f_{1}^{F},$ $f_{0}^{F},$ $g_{0}^{F}\}$ . L-R fuzzy , .
53([1]). $C$ compact , $m$ $C$ , $\alpha,$ $\beta$ : $Carrow$
$[0, \infty)$ , $S,$ $T:\mathrm{R}arrow(-\infty, 1]$ . $F$ , $x\in C$ ,
$F(x)=(m(x),$ $\alpha(x),$ $\beta(x))_{L_{S}R_{T}}$
$C$ fuzzy . , $\varphi 0$ , $(x, h)\in C\cross P_{0}^{F}$ ,
$\varphi \mathrm{o}(x, h)=h(x)-\min_{u\in C}h(u)$
$C\cross P_{0}^{F}$ . ,
$h\in P_{0}^{F}$ , $h$ , $\varphi 0$ 2 concavelike ,
x0\in C, , $x\in C$ , $F(x_{0})\preceq F(x)$ .
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